
1 
C 0 N V A '1 R 1 A S T 0 N A T I C S 

! 0'. . -  , 

r '  I 

ZEl2-G RETORT 

LIQUID/LIQUIB MODELS 

. .  - - .  

. I. 

Toat Iab Bro 
CHECKEDBT APPROVED BY ______ __ 



Figures 

1 

3 e" 

3 

Page 

1 

2 

4 

5 

6 

7 

8 

9 
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l o 0  INTRODUCTION : 

The Centaur is in a weightlees or free fall 
condition during almost its entire flight, The 
thru6t pesiodEn are relatively shorto A zero-g 
test program was undertaken to investigate liquid 
behavior and boiling heat transfer using drop testa 
aed airplane flight trajectories, but both methods 
had serious limitations. Only short zero-g t e s t  
t i m e 8  co?!lf1 be achieved6 The, periods were long 
enough to allow useful heat transfer data t o  be 
collected and to show the behavioral tendencies 
o f  the liquid, The liquid configurations toward 
which these tendencies pointed could be estimated, 
but they could not be clearly delineated, The 
liqutd/gaa interface in zeso-g seemed to distort 
itself toward the mathematically derived shapes 
(Ref ,  A ) ,  but a test method was needed to demon- 
s trate  the equilibrium confiquration clearly for 
a comparison of theory with reality, 

Thir, report describes the laquid/liquid 
zero-g modela which allow such a comparison t o  
be made and which, in addition, can be used t o  
determine the shape8 of zero-g liquid/gas Fnter- 
face5 more easily than they can be calculated, 
capecdelly in complex etatic situations, 
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The r e q u i r e d  s t a t i c  zero-q demonatretion 
w m s  prov ided  by " l i q u i d / l i q u i d "  modelo, Them 
c o n t a i n  two l i q u i d s  which do n o t  n i x ,  The 
l i q u i d a  were bar s i ca l ly  o i l  and water and were 
a f l j u a t a d  t o  have t h e  mme d e n s i t y  by 8-11 
a i i d i t i o n e  of a heavy or l i g h t  component t o  t h e  
o i l  or t h e  water 8p r e q u i r e d ,  The e q u a l i t y  of 
t h e  d e n a i t y ,  iceo9 t h e  flBalance' l ,  was judged  by 
n o t i n g  which l i q u i d  rose or wink t h r o u g h  or 
around t h e  othero Two . r a t h e r  d i f f e r e n t  b a s i c  
s y s t e n e  were u s e d o  

In one of these, d i s t i l l e d  w a t e r  forms t h e  
u l l a g e  b u b h l t  and t h e  s u r r o u n d i n g  l i q u i d  ie a 
m i x t u r e  of o i l s l ,  ll 'ypically, a l i g h t  hydrocarbon 
s u c h  as hexane ,  stoddard s o l v e n t  or k e r o s e n e  i s  
t h e  base o i l  t o  which i s  added a heavy,  low v i s c o s -  
i t y  l i q u i d  such as benzenep c a r b a n  d i e u l p h i d e ,  
t r i c h l o r e t h y l e n e ,  o r  Freon TFo I n  a n  a l t e r n a t e  
system, t h e  bubb le  c o n f a i n e  k e r o s e n e ,  and the 
s u r r o u n d i n g  l i q u i d  i e  a m i x t u r e  of methy& a l c o h o l  
p l u s  a l i t t l e  wa te ro  The dec is ion  as t o  whether 
t h e  o i l  is i n  t h e  bubh le  or around i t  is made by 
t h e  l i q u i d s  theaPselve8 on t h e  b a s i s  o f  t h e i r  s u r -  
face energiesD The l i q u i d  which wet6 the w a l l 6  
labre r e a d i l y  surround8 t h e  o t h e r o  The " o i l  ou t -  
s i d e l '  sys tem h a s  the d i s a d v a n t a g e  t h a t  t h e  water 
o c c a s i o n a l l y  b r e a k s  t h r o u g h  t h e  s u r r o u n d i n g  011 
and w e t s  t h e  w a l l o  The " o i l  i n s i d e "  sys t em was 
much b e t t e r  i n  t h i s  r e s p e c t ,  b u t  It  had a n o t h e r  
drawback, Some of the k e r o s e n e  would d i s s o l v e  
i@ t h e  m i x t u r e ;  a d rop  i n  t h e  t e m p e r a t u r e  of t h e  
m o d e l  w o u l d  then  p r e c i p i t a t e  t h e  k e r o s e n e  o u t  of 
t h e  a l c o h o l / o a t t r  mix i n  t h e  form of a fog which 
took an u n a c c e p t a b l y  l o n q  t i m e  t o  c l ea r  upo  
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The o p t i c a l  P r o p e r t i e s  of tht models were 
found t o  be of  some i m p o r t a n c e o  Looking i n  
t h r o u s h  t h e  e i d e  of a beaker of water,  o n l y  p a r t  
~f t h e  c o n t e n t s  c a n  be viewed s i m u l t a n e o u s l y ,  
#e found the accornpanyinq d i s t o r t i o n  t o  be con- 
R i d e r a b l e  w i t h  n i l  n o r m a l  l i q u i d s ,  It was g r e a t l y  
reduced  by ufiing a c o n t a i n e r  b i t h  f l a t  f a c e e ,  For 
olir y u r p o w ,  however, t h e  i n t e r n c l l  a u r f n c e g  coirld 
n o t  be f l a t ,  f o r  t h e  c n n f i q u r a t i o n  w a 8  w a l e d  down 
from t h e  C e n t a u r  LJi, t a n k o  4e machined t h e  models  
square o u t s i d e  an3 sound i n s i d e  o u t  o f  L u c i t e  or 
P l e x i g l a s  and at( .empted t o  a v o i d  t h e  o p t i c a l  
d d f f i c u l t i e p  bv s e l e c t i n g  an o u t e r  f i l l  l i q u i d  
whose i n d e x  of r e f r a c t i o n  matched t h a t  of  t h e  
model ( n I 1,5 approxo)o T h i s  c o u l d  be a c h i e v e d  
w i t h  t h e  " o i l  o u t a i d e r r  sye tem,  b u t  o n l y  t e m p o r a r i l y o  

Carbon d i s u l y h i d d b e n z e n e  m i x t u r e s  produced 
h e a u t i f u l  models  b u t  t h e  benzene q u i c k l y  d i s s o l v e d  
t h e  P l e x i g l a 6 .  Carbon d i s u l p h i d e / s t o d d a r d  s o l v e n t  
m i x t u r e s  wert  also o p t i c a l l y  s a t i s f a c t o r y ,  but t h e  
CS2,decoaposed and t u r n e d  y e l l o w  with exposure t o  
l i K h t ,  wid i t  t e n d e d  t o  crack t h e  Plexiglas, Freon 
TF and t r i c h l o r e t h y l e n e  were s t a b l e  and d i d  n o t  
damage t h e  models b u t  produced some o p t i c a l  d i e -  
t o r t i o n  trecause t h e i r  i n d i c e d  of r e f r a c t l o n  were 

' less t h a n  t h a t  o f  t h e  P lex ig laso  

-Various' s u r f a c e  t r e a t m e n t s  and  l i q u i d  a d d i t -  
i ve8  w e r e  t r i e d i n  a n  a t t e m p t  t o  p r e v e n t  t h e  water 
from w e t t i n g  through t h e  o i l  mixture, No f u l l y  
s a t i s f a c t o r y  s o l u t i o n  was developed ,  b u t  r e a s o n a b l e  
rtsiilts w e r e  ach ieved  by c o a t i n g  t h e  i n s i d e  of t h e  
c o n t e i n e r  w i t h  kjhinola s h o e  p o l i s h  or a s i l i c o n e  
grease and t h e n  r i n s i n ?  t h e  model w i t h  s t o d t l a r d  
solvento The modale were then q u i t e  s a t i s f a c t o r y  
wben f i l l e d ,  but i n  a d a y  or few t h e  o i l  m i x t u r e  

* would p i c k  up a f l u f f y  p r e c i p i t a t e ,  

( C o n t i n u e d )  
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The hekt ani t -wet - through a q e n t  we found wae 
a p r o p r i e t a r y  t h r e a d  c u t t i n g  f l u i d  - T f w m a t i c .  
This produced come a r e c i p i t e t c  b u t  r a t h e r  l e s s  
t h a n  the waxinK r:rocesses, One qeneral c o n c l u s i o n  
we peached was t h a t  c l e a n i n g  t h e  inRido  of t h e  
m o d e l s  s h o u l d  he avni i l ed  a- much R R  ?oswib le ,  The 
? l n P t i c  surface i n  contdct  with t h e  o i l y  m i x t u r e  
seems t u  develop an a f f i n i t y  for t h e  oilo We neve r  
r e a l l y  undcr9tood t h e  niirface p h y s i c a l  chciniotry; 
our approach  was a d m i t t e d l y  a l c h e m i c a l ,  

i 

We made Centaur  L A 2  tank models  i n  sizes 
r a n g i n g  from one  t h o u s a n d t h  t o  one  t e n t h  of  P u l l  
sizeo The larrreet model also had a ID, tank,  
some view8 of the modele are shown in P i g u r e s  1, 2, 
and 3, 
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4 t r a i n e d  tecbriical  man, seeing the l i q u i d /  
l i q u i d  models on t h e  d e - k ,  is  n o r m a l l y  i n t e r e s t e d  
i n  t h e  zero-g  d e m o n s t r a t i o n ,  b u t  by n a t u r e  a n d  
training he is s u s p i c i o u s  of  t h e  r ; i m l a t i o n ,  The 
f o l l o w i n g  chain o f  reasoninfl  waR assembled i n  a n  
attempt t o  a l l a y  such d o u h t s ,  

4 .  The C e n t a u r  fue l  t a n k  c o n t a i n s  two and  only 
t w o  Pluitle ( I #  and G H 2 ) ,  So does the model 
t o i l  and  water? ,  

B ,  An l n t e s f n c e  having uniform t e n s i o n  s e p a r a t e s  
the two f l u i d s  ( C e n t a u r  o r  model), 

C o  G r a v i t y  ha6 t h e  same e f f e c t  on t h e  two f l u i d s  
and t h e r e f o r e  h a s  no e f f e c t  on t h e i r  r e l a t i v e  
c o n f i g u r a t i o n  or p o s i t i o n ,  (The o r b i t i n g  
C e n t a u r  is allowed t o  a c c e l e r a t e  w i t h o u t  re- 
B t r a i n t o  The o i l  m i x t u r e  in t h e  model h a s  t h e  
sawe d e n s i t y  as t h e  w a t e r ) ,  ( C o n t i n u e d )  
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I), One o f  t h e  f l u i d e  (LH,, i n  the C e n t a u r ,  oil 
i n  t h e  mo4el) p r e f e r c E t i a l l g  w e t s  t h e  wal l  
and w i t h  so much cnthueiarpm t h a t  t h e  i n t e r -  
f a c e / w a l l  c o n t a c t  anKle irr tRaen t Ja1 l .g  zeroo 

Syrmparizing, f iurface t e n s i o n  p r o v i d e s  the 
ohly forces available t o  a f f e c t  the s t a t i c  dis- 
t r i b u t i o n  o f  the fluids i n  t h e  tanko I t  a c t s  
s i m i l a r l y  in the orhi  t i n g  vehicle arid the model, 
and t h e  e q u i l  i h r i u m  a o n f i g u r a t i o n s  o f  the f lu id ls  
are  t h e r e f o r e  similaro 

The l i y i d / l i v u i d  modpla have been w e d  for 
demonstrations nf p e n e r s l  zero-q liquid c o n f i a u r a -  
t i on r j  t o  small And larae rroups of peopleo They 
have a l s o  Rcrved  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  
structures inside the tiink ( b a f f l e s ,  p r o b e s ,  e t c , )  
on these c o n f j g u r a t i o i i s .  They were used i n  a 
q p e c i a l  dynamic a p p l i c p t j  on t o  c o r r o b o r a t e  t h e  
zero-p: l i q u i d  h e h z v i o r  s c a l i n g  p r i n c i p l e s  (Ref B )  
and as a n  a i d  t o  v i w i a l i z a t i o n  of t h e  shape of t h e  
l i c ju id /gas  i n t e r f a c e  a round a "Center  Vent" f o r  
the Ccntau r  LHz t ank  ( Q e f ,  C), 
have h e l p e d  many e n g i n e e r s  a n d  s c i e n t i s t s  t o  
a p p r e c i a t e  how l i q u i d s  behave in free fallo For 
ckarnyle, it wae r e c o g n i z e d  e a r l y  in t h e  program 
t h a t  structures p r o j e c t i n g  i n t o  t h e  LH2 tank, 
b e i n g  w e t t e d  by t he  l i , i u i d ,  will g a t h e r  l i q u i d  
a round them, 

In a d d i t i o n ,  t h e y  
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4 e o  

The l i q i i i r ! / l  ? @ t i i d  m o d e l s  QuqgeRtPd i n s t e a d  t h e  
v i p w p o i n t  t h a t  the p r n j r c t i o n ? ,  p w h i n c  on t h e  
lic!uid/p;aw interface ,  h o l d  t h e  u l l a g e  away 
unlc6;e this gnq he broken up into bub5Je.s which 
can fit loosely b e t v e c n  +he projections. This 
c o n c e p t  was uaed i n  t h e  a s s e s s m e n t  of IR tank 
hobble nccumul ; i t i o n  ( ? e f o  Q l  dn ‘1 iqu ir l / l ?qu id  
m w l e f  fi 

The liquid/lfguid models were c r e a t e d  as a 
t e p t  or experiment,  The ~enernl zero-? l i q u i d  
c o n f i  ruration.e  w e r e  qo anparrnt t h a t  the experi -  
ment aLnir-st immediate ly  became a demonstrati  ono 

There is an old saying ahout 
the t e n  thorrRand word value of a picture. We 
w0ul.d e x t e n d  thiso To age t h e  reality, or near 
reality a(9 i n  tbe )iauid/liquid modele, is worth 
t e n  thoupand p i c t u r e s ,  4nybody workinu on zero-g 
aitluzd behavior Rhottid have a ckanee &e $&e a 
I i c r u i 4 / l i c p i d  model in hj-9 bands  and t o  pu9h the 
hl ibhleq aroundo 

later a f 4 h o w o *  

( * )  -- Gencrnl ~nanica/Astrnnautice e x h i h i t  at t h e  4 . R , S 0  
show i n  the  New York Coliaum in October, 1962, 
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